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(57) ABSTRACT

A semiconductor device having an SOI structure having a
contact for making steady the potential of a semiconductor
substrate without involvement of an increase in the surface
of the semiconductor device. In a semiconductor chip, an
integrated circuit 1s fabricated within an internal circuit
region, and a plurality of buifer circuits are fabricated within
buffer regions. Wiring layers for supplying steady potential
are formed 1n the area of the semiconductor chip other than
the 1nternal circuit region and the bulfer regions; for
example, at four corners of the semiconductor chip, and
contacts for connecting the wiring layers and the semicon-
ductor substrate are formed in the area of the integrated
circuit which 1s not assigned for fabrication of integrated
circuits, thus eliminating a necessity for ensuring a location
specifically allocated for formation of the contacts.

14 Claims, 16 Drawing Sheets

R’ b
¢ 90 46 ? %ﬂ R Edi
- ; | 7 ]
1 #/
% : )
3 b—rft
-]
3-._.#““-1 ;___,____3
' “H+3b
da-+—1r 1 _liap
7 77
53‘”’% Al . -5b
/
Ada 0 3a g
2. internal circuit region
J:electrode pad
d4:buffer region
(A7) (B")
A B
% ba 36 3 - Sb__
r i .
RN IR 18
Ga s 12
e A A A A A A Yordr ‘I“—\-.....- I _I
18a i
, . | ) \.‘“\_w
| 18a 17 12 14 18b} 18b
19:p* 19

Gz, 6b. 17 .contact
10:semi¢onductor substrate
11:embedded insulation film
12:semiconductor layer

13 intertayer insulation fiim
14:first wiring layer

15:second wiring laver
18:0% |l gyar



U.S. Patent Jan. 13, 2004 Sheet 1 of 16 US 6,677,676 Bl

F16G. 7

, 3 5d
60 0C 4 9 3a )

B

ﬁdA’

o oo S
.
] {
3b |l ]
1
= u g
[ ] B
4a gé;i [
] //

2.internal circuit region
J.electrode pad
4 . buffer region



US 6,677,676 Bl

Sheet 2 of 16

Jan. 13, 2004

U.S. Patent

‘61 19Ae| J103}oNnpuodiwas
l8Aej BuiJim puooss:gf Wwjij uocijejnsul pappaque
i8Ae| BUlJAIM 3Sdi) i gledisqns Joljonpuodiles;
Wity uolie|nsu| 2 €1 }0B3U00: /] ‘qQQ"
61 +d:6l
0l a8l 1481 €8l
l m
¢l .4ﬁa4%7, .ﬁﬁ Aﬂ%Wf ,/7 Aﬁ%%%m%%mnoaﬁmymlwy,awafﬁﬂv BQ
49 N N U
N .,/// L

EG

45

¢
) &

g
(. 8



U.S. Patent Jan. 13, 2004 Sheet 3 of 16 US 6,677,676 Bl

184

F1G. 3A

20 4! 20 20 21 99

AATISLSLIL IS S TSI LI AL LIS IS SIS SIS LLS SIS SIS L LTSS AL LSS LTSS LS LA S S LA LA LSS A NS LS I/IMIM’

F1G. 38

23 23

N

BN N R i § W £
A A Y L L L L A e e el 7 e A A

e mmapdl  towsied.
(2 =t N

22

A D A W T T

19 182 18b 19
22:first Iinterlayer insufation film

23.opening

F16. 30

14

63 ? 6b

TEOEOEOE,E,E ‘x\ﬁhﬁ§§§ﬁgﬁﬁﬁ_

vl L Mﬂ/fff//IfMffflflfM/ff/f/ff/ffJ’I//ff/ﬂfff/ffW/fﬂ/ffff/f/flﬂﬂ/f/ﬁ L

ba, 6b:contact

F16G. 30

15 15 15 15 15 15
17 24

OGOt
Y

HANE BN 4 1t 14
VL .WIJM’/A’I/JIJ’WI/JIfl/flflffI/f/flfff#//M’/f//flﬂ/f/ff/ff/f/f/ff/f/f/f f/ﬂlﬂflﬁ

24 . second interlayer insulation Tilm

22

22



U.S. Patent Jan. 13, 2004 Sheet 4 of 16 US 6,677,676 Bl

1G4

O iimm ™
h-ﬁ

internal circuit region

inl 2

buffer region

D

13

: 12
’7////// ///Af//////////////////////// 11
18 18 10

19



U.S. Patent Jan. 13, 2004 Sheet 5 of 16

FlG. 6

\

7
/

1
44

470

internal circuit region

N
F‘———-!
44
47d | 44 4]e

\l_\!—\--\-\-
LT /*'J’)’/ Wﬁ’ L AR
\—Q_

WW AN

\

=

2

.

»p

US 6,677,676 Bl

." 4a:buffer region



US 6,677,676 Bl

Sheet 6 of 16

Jan. 13, 2004

U.S. Patent

0l

| 1
¢l

£l
19AB| SuUulJim puodsas

L IS

}oejUOD: QY ‘Bl

8l 61 8l gl 6l 81

2 DA \\\\\\\\\\\\\\\\\\\\\\\

fl ll'fl

////////////////a L

T H T T Y S ///////

' »
¥ ﬂ ]
)

I

24X

uol18aJ 1941ng

U0 1884 11N2419 |BUIBIUI

3

/

Y

g



U.S. Patent Jan. 13, 2004 Sheet 7 of 16 US 6,677,676 Bl

F1G. 8

hl:gate electrode
58 wiring layer o4 insulation layer

SO

D

',

+52.drain region

“‘:*
JM

50 body region

"‘1
AN

9 contact 51:source region
53:contact region

F1G. 9

\\\
\\\ 3

Q ;

—T

ok |
I

on

12 nn SRR
LI //////// I~
54 53 50 54 10

99 :.contact



U.S. Patent

Jan. 13, 2004 Sheet 8 of 16

12

F/G. 104

60 61 60

, ) ) ——
R T

Fk

Fl1G. 108

54 5356 27
77777 04

US 6,677,676 Bl

12
1

10

° DNN P P DNN P~
2 sp s e A

P

F1G. 10C

63 openlng

-'\‘-nh“
W//” G,

62

62:first interlayer insulation film

F1G. 7100

63 opening

e

1’"\“

,%/A’//A’O LA

F/G‘ /0[-'

“ llﬂﬂllﬁll‘hll]l
4%&%%7 777222 27

PF



F1G. 174

// o0
“\\ :

r1G. 176

\\\\ \\ )
\\ .

w”zs N\

ﬂ\ﬁ -“\ 12
0 ////////////////// 11

P 54 50 54




U.S. Patent Jan. 13, 2004 Sheet 10 of 16 US 6,677,676 Bl

Fl1G. 712

o o/:gate electrode
od3:wiring layer 54 insulation layer

b2:drain region

*50 body region

59 contact
51:source region



U.S. Patent Jan. 13, 2004 Sheet 11 of 16 US 6,677,676 Bl

F1G. 73

, 8

59a

J

% IN Yo o] 0 N Np o

o4

9 51 5052 54 | g



U.S. Patent Jan. 13, 2004 Sheet 12 of 16 US 6,677,676 Bl

F16G. 144

F/G. 748

\\\\\\
\\ -

12 n;nlnnnmm 12
i 7 ek

P 54 51 51 50 59 54 0




U.S. Patent Jan. 13, 2004 Sheet 13 of 16 US 6,677,676 Bl

F1G. 15

o h2:drain region
p8:wiring layer b4.insulation laver

N NN\

.

‘}

| s AN

59:contact 51 :source region

FI1G. 16

x\\ {{@E 57

IIIIIIA ABLR
24— p RN KN " p "R N p L2

‘*

090 54 50 54 (0

g

lectrode
.body region

N
AV

I s
r'-4———] S P

i
.




U.S. Patent Jan. 13, 2004 Sheet 14 of 16 US 6,677,676 Bl

F16G. 7174

@ {} U
@ B~—acceptor

+++++++++ + 101:P region

100:P type
semiconductor wafer

F16G. 1/6

102:s1l1con wafer

A N ~—1 0 3 : oxidized region

OGQO@@O@@O

F1G. 176

104:501 layer
AMMIIIIIIIIHTHHEHhHTHTTHTnhnh 103 : embedded oxidized

---------------------------------------

' 101:P+ region




U.S. Patent Jan. 13, 2004 Sheet 15 of 16 US 6,677,676 Bl

F16G. 184

105 metal-vapor-deposited region

100:silicon wafer

F/1G. 185

-102:silicon wafer
1 0 3 : oxidized region

RIAIA'AIAIAIAIAIA 1A 2NN
-100
F1G. 160
105:metal-vapor-deposited region
) 104:S01 layer

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 103 : embedded oxidized
Film

!!!!!!

- - - - - -



U.S. Patent Jan. 13, 2004 Sheet 16 of 16 US 6,677,676 Bl

F/6. 194

6')0 61 60

12 ..
\1‘% -

FlG. 196

5456 o1

77777777773 94
12 ; \““u ~12

G i N
' 10

50
F/G' ]9C

\\ .,\>\>>,,,§§§

P ASNSNT . P KNP -_-11|2
T ////WW//WW -

54 b4
50

Fl1G. 190

-10

v
//

\\\Q '>§\IIII”IJ R —62

NI ST P Rap—12

".J///”///A?//" B s 11
54 54 +~_10

o0



US 6,677,676 Bl

1

SEMICONDUCTOR DEVICE HAVING
STEADY SUBSTRATE POTENTIAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
having a silicon-on-insulator (hereinafter referred to simply
as “SOI”) structure, a method of manufacturing the semi-
conductor device, and a method of manufacturing a wafer
having a SOI structure for use in the semiconductor device.

2. Description of Related Art

Conventionally, an 1nsulation layer 1s formed on a semi-
conductor substrate, and semiconductor elements, such as
MOS transistors, are fabricated on the insulation layer, thus
manufacturing a semiconductor device having what 1s called
a SOI structure. If a semiconductor substrate 1s 1n an
clectrically floating state, electric charges stored in the
substrate cannot flow away, and therefore cause changes 1n
the potential of the substrate. This 1 turn causes the thresh-
old voltage of the MOS transistor to deviate from a desired
voltage. To prevent such a deviation from the desired
voltage, the potential of the semiconductor substrate must be
locked to a steady potential.

To this end, Japanese Patent Application Laid-Open Nos.
He1-3-272176 and He1-9-223802 propose a semiconductor
device, 1n which contacts are formed so as to extend from a
wiring layer to a semiconductor substrate by penetrating,
through a 1nsulation layer, and a steady potential 1s supplied
to the semiconductor substrate by way of the contacts.

However, according to these prior-art techniques, a con-
tact 1s formed 1n an element 1solation region between two
MOS transistors. More specifically, the contact 1s formed 1n
an 1ntegrated circuit fabricated 1n the semiconductor device.
For this reason, a location for forming a contact must be
ensured 1n the imtegrated circuit, which may result 1n an
increase 1n the surface area of the semiconductor device.

Provided that a contact 1s formed 1n the integrated circuit,
if the contact only connects the semiconductor substrate to
the wiring layer as 1n the case of the prior-art techniques, the

number of contacts may increase, which would cause an
mcrease 1n the surface area of the semiconductor device.

SUMMARY OF THE INVENTION

Therefore, the object of the present invention 1s to provide
a semiconductor device mm which there 1s avoided an
imncrease 1n the surface area, which would otherwise be
caused by forming contacts for making the potential of a
silicon substrate steady.

Another object of the present invention 1s to provide the
structure of a semiconductor device which prevents an
increase 1n the number of contacts.

Still another object of the present invention 1s to provide
a method of manufacturing a semiconductor device at
reduced costs by arranging a process of forming contacts for
making the potential of a silicon substrate steady.

Yet another object of the present invention 1s to provide a
method of readily manufacturing a semiconductor wafer
which comprises a high-concentration semiconductor layer
formed on a semiconductor substrate remaining 1n contact
with an embedded msulation film.

According to a first aspect of the present invention, there
1s provided a semiconductor device comprising: a semicon-
ductor substrate; an embedded 1nsulation film formed on one
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2

main surface of the semiconductor substrate; an integrated
circuit fabricated 1n a first region on the surface of the
embedded insulation film; an interlayer insulation film
formed on the embedded insulation film so as to cover the
integrated circuit; a wiring layer which includes a portion
located outside the first region on the surface of the embed-
ded nsulation film, which 1s formed on the interlayer
insulation film, and supplies steady potential; and a contact
which 1s formed at a portion of the wiring layer outside the
first region so as to extend to the semiconductor substrate by
penetrating through the embedded msulation film and which
establishes electrical connection between the wiring layer
and the semiconductor substrate.

According to a second aspect of the present invention,
there 1s provided a semiconductor device comprising: a
semiconductor substrate; an embedded 1nsulation film
formed on one main surface of the semiconductor substrate;
an 1ntegrated circuit fabricated on the embedded insulation
f1lm; an interlayer insulation film formed on the embedded
insulation film so as to cover the integrated circuit; an
clectrode pad which 1s formed on the interlayer msulation
f1lm so as to be located at a position outside the region on the
surface of the embedded insulation film, where an integrated
circuit 1s fabricated; and a contact which 1s formed so as to
extend from the lower surface of the electrode pad to the
semiconductor substrate by penetrating through the embed-
ded 1nsulation film and which establishes electrical connec-
tion between the semiconductor substrate and the electrode
pad.

According to a third aspect of the present invention, there
1s provided a semiconductor device comprising: a semicon-
ductor substrate; an embedded 1nsulation film formed on one
main surface of the semiconductor substrate; a MOS tran-
sistor fabricated on the surface of the embedded insulation
f1lm; an interlayer insulation film formed so as to cover the
MOS transistor; a wiring layer which 1s formed within the
interlayer insulation film and supplies steady potential; and
a contact having a portion which adjoins a region serving as
one terminal of the MOS transistor i1n side surface, which 1s
formed so as to extend from the wiring layer to the semi-
conductor substrate by penetrating through the embedded
insulation film.

™

The above and other objects, effects, features and advan-
tages of the present invention will become more apparent
from the following description of the embodiments thereot
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a top view of the semiconductor chip 1.

FIG. 2 1s a cross-sectional view taken along line A—B
shown 1n FIG. 1.

FIGS. 3A to 3D show a method of manufacturing the
semiconductor chip 1.

FIG. 4 1s a top view showing an area of the semiconductor
chip 1 1n the vicinity of the electrode pad 3a that receives a
stcady voltage; 1.e., a supply voltage.

FIG. 5 1s a cross-sectional view taken along line C-D
shown 1 FIG. 4.

FIG. 6 1s a top view showing in detail an arca of the
semiconductor chip 1 in the vicinity of the electrode pad 3a
that receives a steady voltage; 1.e., a supply voltage, and the
buffer region 4a.

FIG. 7 shows a cross-sectional view taken along line E-F
shown 1 FIG. 6.

FIG. 8 1s a top view showing a MOS ftransistor fabricated
on the semiconductor chip.
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FIG. 9 1s a cross-sectional view taken along line G-H
shown 1n FIG. 8.

FIGS. 10A to 10E show a method of manufacturing the
semiconductor chip.

FIGS. 11A and 11B show a modification of the embodi-
ment 4.

FIG. 12 1s a top view showing a MOS transistor fabricated
on the semiconductor chip.

FIG. 13 1s a cross-sectional view taken along line I-J
shown 1n FIG. 12.

FIGS. 14A and 14B show a modification of embodiment
5.

FIG. 15 1s a top view showing a MOS transistor fabricated
on the semiconductor chip.

FIG. 16 1s a cross-sectional view taken along line K-L
shown 1n FIG. 15.

FIGS. 17A to 17C show a method of manufacturing a
substrate having an SOI structure according to embodiment
7.

FIGS. 18A to 18C show a method of manufacturing a
substrate of SOI structure according to an embodiment .

FIGS. 19A to 19D show a method of manufacturing the
semiconductor chip according to embodiment 6.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiments of the present invention will be described
below with reference to the accompanying drawings. It 1s
noted that the same reference symbols 1n the drawings
denote the same or corresponding components.

Embodiment 1

A semiconductor chip 1 serving as a semiconductor

device according to a embodiment 1 will be described by
reference to FIGS. 1 and 2.

FIG. 1 1s a top view of the semiconductor chip 1, showing
the positional relationship among i1ntegrated circuits, buifer
circuits, and electrode pads of the semiconductor chip 1. The
semiconductor chip 1 comprises a rectangular or square
internal circuit region 2, at the center of which an integrated
circuit 1s formed; a plurahty of electrode pads 3 linearly
arranged along the respectwe sides of the internal circuit
region 2; and butfer regions 4a to 4d which are provided, so
as to oppose the respective sides of the internal circuit region
2, 1n the areas between the internal circuit region 2 and the
plurality of electrode pads 3.

The semiconductor chip 1 1s packaged 1n resin, and a
plurality of outer leads provided in the package are con-
nected to the plurality of electrode pads 3 by way of bonding
wires. A plurality of electrode pads 3 (six electrode pads are
shown in FIG. 1) are arranged along each of the sides of the
semiconductor chip 1. The plurality of electrode pads 3
comprise one or more pads 3a for receiving a steady
potential; that 1s, a supply voltage, and pads 3b for receiving,
another steady potential; that 1s, a ground potential of 0V,
which 1s lower than the supply voltage. In the drawing, a
total of four pads 3a and 3b are included 1n each of the four
rows of electrode pads 3 arranged along the respective sides
of the imternal circuit region 2.

An mtegrated circuit 1s also formed 1n each of the buffer
regions 4a to 4d; a plurality of buffer circuits are arranged
along, so as to oppose, the side of the internal circuit region
2. Each of the buffer circuits comprises an even number of
inverter circuits connected 1n series and establishes electrical
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4

connection between one of the electrode pads 3, which are
arranged along the same side of the internal circuit region 2
as are the buffer circuits, and the integrated circuit mounted
in the 1nternal circuit region 2. In response to an input signal,
the buffer circuits drive an output signal. Here, the four
clectrode pads 3a and 3b are not connected to the builer
circuits and are usually connected directly to the integrated
circuit.

The semiconductor chip 1 further comprises four regions
Sa to 5d located at the respective corners thereof and
contacts 6a to 6d which are formed 1n the respective four

regions 3a to Sd and are connected to the semiconductor
substrate 1 order to feed a steady potential. The regions Sa
to 5d are formed at the respective vertices of the internal
circuit region 2. Each of the regions 5a to 54 1s defined by
a first line which 1s an extension of one of two sides meeting,
at the vertex at right angles, a second line which 1s an
extension of the remaining one of the two sides, and the
cdges of the semiconductor chip 1.

FIG. 2 1s a cross-sectional view taken along line A—B
shown 1n FIG. 1. The semiconductor chip 1 1s a semicon-
ductor device having an SOI structure and comprises an
embedded insulation film 11 formed on the main surface of
a semiconductor substrate 10; an integrated circuit including,
semiconductor elements, such as transistors, fabricated on
the embedded insulation film 11; and an interlayer insulation
film 13 formed so as to cover the integrated circuit. The
embedded 1nsulation film 11 comprising S10, 1s formed on
the main surface of the p-type semiconductor substrate 10,
and a p-type semiconductor layer (SOI layer) 12 is formed
on the embedded insulation film 11. Further, the interlayer
insulation film 13 1s formed on a semiconductor layer 12. An
integrated circuit fabricated in the iternal circuit region 2
and the buffer circuits fabricated 1n the buifer regions 4a and
4d are formed from FETs (field-effect transistors) compris-
ing source-drain regions formed in the same layer as the
semiconductor layer 12, and a gate electrode formed 1n the

interlayer insulation film 13.

A first wiring layer 14 1s formed within the interlayer
insulation film 13. A plurality of second wiring layers 15 are
formed within the interlayer insulation film 13 so as to be
located above the first wiring layer 14, as well as to extend
toward the internal circuit region 2. The contacts 6a and 6b
arc formed 1n the interlayer insulation film 13 so as to
establish electrical connection between the first wiring layer
14 and the semiconductor substrate 10 by penetrating
through the semiconductor layer 12 and the embedded
insulation film 11. A P* region 19 containing impurities at
higher concentration than in the semiconductor substrate 10
1s formed 1n each of the areas of the semiconductor substrate
10 to which the contacts 6a and 6b are extended, thereby
reducing the resistance of a plane along which the semicon-
ductor substrate 10 and the contacts 6a and 6b are bonded
together.

A plurality of contacts 16 are formed i1n the interlayer
msulation film 13 so as to establish electrical contact
between the electrode pads 3 and second wiring layers 15.
By way of the second wiring layer 15, electrical connection
1s established between the electrode pads 3 and the inte-
orated circuit fabricated in the internal circuit region 2. A
contact 17 1s formed 1in the interlayer insulation film 13 and
located below the electrode pad 3a so as to establish
clectrical connection between the first wiring layer 14 and
the second wiring layer 15 located below the electrode pad

3a.

By virtue of the foregoing configuration, the supply
voltage fed to the electrode pad 3a i1s supplied to the
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semiconductor substrate 10 by way of the first wiring layer
14 and the contacts 6a and 6b. Since the potential of the
semiconductor substrate 10 1s maintained at the supply
voltage, the threshold voltage of the MOS ftransistors fab-
ricated on the embedded insulation film 11 1s also main-
tained. Further, the P™ region 19 facilitates maintaining of
the potential of the semiconductor substrate 10.

Insulation layers 18a and 185 are formed 1n the same layer
as the semiconductor layer 12 so as to assume an annular
shape when viewed from the top; the insulation layer 18a
surrounds the contact 6a, and the insulation layer 18b
surrounds the contact 6b5. The 1nsulation layer 18a electri-
cally 1solates the portion of the semiconductor layer 12
remaining in contact with the contact 6a from the remaining
portion, and the msulation layer 185 electrically 1solates the
portion of the semiconductor layer 12 remaining 1n contact
with the contact 6b from the remaining portion, to thereby
prevent the supply voltage from being supplied to the
internal circuit region 2 and the portions of the semicon-
ductor layer 12 located 1n the bufler regions 4a to 4d, by way
of the contacts 6a and 6b.

A cross section which 1s taken along line A-B' and

includes the contacts 6¢ and 6d 1s the same 1n structure as
that shown 1n FIG. 2.

No 1ntegrated circuits including transistors are formed in
the four regions Sa to 5d. Contacts for supplying a steady
potential to the semiconductor substrate are formed by
utilization of originally-unassigned regions of the semicon-
ductor chip, thus preventing an increase 1n the area of the
semiconductor chip.

As shown 1n FIG. 1, each of the contacts 6a to 6d 1s
formed at a position where a row of electrode pads 1n one
direction and another row of electrode pads in another
direction meet at right angles. So long as the contacts 6a to
6d are formed within the respective regions 5a to 3d, the
positions of the contacts 6a to 6d within the regions 5a to 5d
are not particularly limaited.

In principle, the only requirement 1s that at least one
contact communicating with the semiconductor substrate 10
be formed 1n at least one of the four regions Sa to 5d. As
shown 1n FIG. 1, in order to maintain the semiconductor
substrate 10 at a steady, uniform potential desirably at least
one contact hole communicating with the semiconductor
substrate 10 1s formed in each of the four regions 5a to 3d.

Further, there 1s no necessity for limiting to the supply
voltage the steady potential supplied to the semiconductor
substrate 10 by way of the contacts 6a to 6d; a ground
potential applied to the electrode pads 3b may also be used
as a steady potential supplied to the semiconductor substrate
10. In either case, the layout of the first wiring layer
connected to the contacts 6a to 6d 1s changed, and a steady
potential 1s supplied to the semiconductor substrate 10 by
way of the first wiring layer 14.

The first wiring layer 14 1s formed linearly below the row
of electrode pads 3 shown 1n FIG. 2 so as to become
longitudinally aligned with the row of electrode pads 3. The
arca below of the wiring layer 14 1s also originally unas-
signed for fabrication of mtegrated circuits. Therefore, con-
tacts communicating with the semiconductor substrate 10
may be formed at arbitrary locations below the wiring layer
14 so as to penetrate through the embedded insulation film
11, and insulation layers like the insulation layers 184 and
186 may be formed so as to surround the thus-formed
contacts.

A method of manufacturing the semiconductor chip 1,
which includes process steps (1) through (7) to be described
later, will now be described by reference to FIG. 3.
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Process step (1): As shown in FIG. 3a, there is prepared
a waler comprising a p-type semiconductor substrate 10, an
embedded msulation film 11 formed on the semiconductor
substrate 10, and a p-type semiconductor layer 12 formed on
the embedded insulation film 11. Openings 20 are formed 1n
the respective regions 3a to 5d by selectively etching the
semiconductor layer 12, thereby separating portions 21 of
the semiconductor layer 12 from the remaining portion of
the same. Further, MOS ftransistors comprising integrated
circuits formed on the embedded insulation film 11 are
fabricated 1n the internal circuit region 2 and the buifer
regions 4a to 4d.

Process step (2): As shown in FIG. 3B, a first insulation
f1lm 22 1s formed on the semiconductor layer 12 through use
of the CVD method. At this time, the openings 20 are also
filled with 1nsulation material, thus forming the insulation

layers 18a and 18b.

Process step (3): Openings 23 are formed so as to com-
municate with the semiconductor substrate 10 by penetrating
through the first interlayer insulation film 22, the semicon-
ductor layer 12, and the embedded insulation film 11. After
formation of the openings 23, P* 1ons are implanted into the
semiconductor substrate 10 through the openings 23,
thereby constituting the P* regions 19.

Process step (4): As shown in FIG. 3C, the contacts 6a and
6b arc formed from metal, such as tungsten, 1n the respective
openings 23. Further, the first wiring layer 14 1s formed from

metal, such as aluminum, on the first interlayer insulation
film 22.

Process step (5): As shown in FIG. 3d, a second interlayer
insulation film 24 1s formed on both the first wiring layer 14
and the first iterlayer insulation film 22. Subsequently, an
opening communicating with the first wiring layer 14 1is
formed 1n the second interlayer insulation film 24, and the
contact 17 1s formed from metal, such as aluminum, 1n the
opening. Further, a plurality of second wiring layers 15 are
formed from metal, such as aluminum, on the second
interlayer insulation film 24. One of the plurality of second
wiring layers 15 1s formed so as to be connected to the
contact 17.

Process step (6): A third interlayer insulation film is
formed so as to cover the second interlayer insulation film 24
and the plurality of second wiring layers 15. The first
interlayer insulation film 22 to the third interlayer insulation
film constitute the interlayer insulation film 13 shown 1n

FIG. 2.

Process step (7): A plurality of openings communicating
with the respective second wiring layers 15 are formed 1n the
third interlayer insulation film, and the contacts 16 are
formed from metal, such as aluminum, 1n the openings.
Subsequently, the electrode pads 3 communicating with the
respective contacts 16 are formed.

In the previously-described processing steps, etching
technique 1s used for forming the openings, and lithography
and etching techniques are used for pattering the wiring
layers. Further, CVD 1s used for forming the wiring layers,
the interlayer msulation film, and the contacts.

Embodiment 2

The semiconductor chip 1 serving as a semiconductor
device according to a embodiment 2 will next be described
by reference to FIGS. 4 and 5. The semiconductor chip 1
according to the embodiment 2 1s identical with that shown
in FIG. 1, 1n terms of the positional relationship among the
integrated circuits integrated in the semiconductor chip, the
plurality of electrode pads including pads for receiving a
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supply voltage and pads for recerving a ground voltage, and
the plurality of buffer circuits connecting the integrated
circuits to the electrode pads. FIG. 4 1s a top view showing
an area of the semiconductor chip 1 1n the vicinity of the
clectrode pad 3a that receives a steady voltage; 1.€., a supply
voltage.

FIG. 5 1s a cross-sectional view taken along line C-D
shown 1n FIG. 4. As shown 1n FIG. §, a contact 31 1s formed

directly below an electrode pad 3a of the contact 31 so as to
extend vertically from the second wiring layer 15 to the
semiconductor substrate 10 by penetrating through the
embedded insulation film 11. The contact 16, the second
wiring layer 15, and the contact 31 constitute a single
contact 32 formed between the electrode pad 3a and the
semiconductor substrate 10. Consequently, electrical con-
nection 1s established between the electrode pad 3a and the
semiconductor substrate 10 by way of the second wiring
layer 15 and the contact 31, whereby a supply voltage is
supplied to the semiconductor substrate 10.

As in the case of the embodiment 1, the P™ region 19 that
contains 1mpurities at a higher concentration than in the
semiconductor substrate 10 1s formed in the area of the
semiconductor substrate 10 with which the contact 31
communicates, thereby reducing the resistance of a plane at
which the contact 31 1s 1n contact with the semiconductor
substrate 10. The i1nsulation layer 18 is formed in the same
layer as the semiconductor layer 12 so as to assume an
annular shaped when viewed from the top, thus surrounding
the contact 31.

No mtegrated circuits including transistors are usually
formed directly below the electrode pads 3. Contacts for
supplying steady potential to the semiconductor substrate
are formed 1n the originally-unassigned areas of the semi-
conductor chip, thus eliminating a necessity for increasing
the area of the semiconductor chip.

So long as a contact 1s formed directly below the electrode
pad 3b so as to connect the electrode pad 3b to the semi-
conductor substrate 10, 1n place of the supply voltage a

cround potential may be supplied to the semiconductor
substrate 10.

A method of manufacturing the semiconductor chip 1
shown 1in FIG. 1 will now be described. This method
comprises process steps (11) to (16).

Process step (11): Identical with process step (1), except

that the openings 20 and the semiconductor layer 12 are
formed at different positions than in process step (1).

Process step (12): The first interlayer insulation film 22 is
formed on the semiconductor layer 12. Simultaneously, the
openings 20 are also filled with insulation material, thus
forming the insulation layer 18. Further, the first wiring layer
14 1s formed 1n an unillustrated area of the first interlayer
insulation film 22.

Process step (13): The second interlayer insulation film 24
1s formed so as to cover the first wiring layer 14 and the first
interlayer msulation film 22. Subsequently, openings 23 are
formed 1n the surface of the second interlayer insulation film
22 so as to communicate with the semiconductor substrate
10 by penetrating through the semiconductor layer 12 and
the embedded insulation film 11. After formation of the
openings 23, P* ions are implanted into the semiconductor
substrate 10 through the openings 23, thereby constituting
the P* regions 19.

Process step (14): The contact 31 is formed by filling the
inside of the openings 23 with metal, such as tungsten, thus
constituting the contacts 31. The plurality of second wiring
layers 15 are formed from metal, such as aluminum, on the
second 1nterlayer insulation film 24.
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Process step (15): Identical with process step (6)

Process step (16): Identical with process step (7)

As 1n the case of the embodiment 1, in the previously-
described process steps, etching technique 1s used for form-
ing the openings, and lithography and etching techniques are
used for patterning the wiring layers. Further, CVD 1s used

for forming the wiring layers, the interlayer insulation film,
and the contacts.

In place of the contact 31, another contact may be formed
below the electrode pad 3a so as to communicate with the
semiconductor substrate 10 by penetrating through the
embedded 1nsulation film 11. Consequently, a total of two
contacts; 1.e., the thus-formed contact and the contact 16, are
formed below the electrode pad 3a. In this case, process step
(13) for forming the opening 23 becomes unnecessary, and
openings are formed in process step (16) so as to extend
from the third interlayer msulation film to the semiconductor
substrate 10. The openings are filled with metal.

Embodiment 3

The semiconductor chip 1 serving as a semiconductor
device according to a embodiment 3 will next be described
by reference to FIGS. 6 and 7. The semiconductor chip 1
according to the embodiment 3 1s identical with that shown
in FIG. 1, 1n terms of the positional relationship among the
integrated circuits integrated in the semiconductor chip, the
plurality of electrode pads including pads for receiving a
supply voltage and pads for receiving a ground voltage, and
the plurality of buffer circuits connecting the integrated
circuits to the electrode pads. FIG. 6 1s a top view showing
in detail an area of the semiconductor chip 1 in the vicinity
of the electrode pad 3a that receives a steady voltage; 1.€., a
supply voltage, and the buifer region 4a.

The electrode pad 3a 1s connected, by way of the second
wiring layer 15, to the mtegrated circuit fabricated in an
internal circuit region 2 and supplies the supply voltage to
the 1ntegrated circuit.

The buffer regions 4a to 4d are provided opposite the
respective rows of electrode pads 3, and each of the buifer
regions 4a to 4d comprises a plurality of buffer formation
regions 40 arranged along the side of the internal circuit
region 2. A buffer circuit 1s formed in each of the buifer
formation regions 40 arranged opposite the electrode pads 3
other than the electrode pad 3a. The buffer circuits are
connected to the electrode pads 3 by way of a first wiring
layer 45 and are connected to the integrated circuit fabri-
cated 1n the internal circuit region 2 by way of a first wiring
layer 46. The first wiring layers 45 and 46 are formed below

a second wiring layer within the interlayer insulation film
13.

A buffer formation region 40a opposite the electrode pad
3a 1s a dummy region where no buifer circuit 1s formed. The
condition of no bufler circuit existing 1n the dummy region
includes a case where a buifer circuit per se does not exist
in the dummy region and a case where source regions, drain
regions, and gate electrodes of a plurality of MOS transistors
to be included in a buffer circuit are formed but fail to
operate as a builfer circuit.

The second wiring layer connected to the electrode pad 3a
comprises an annular portion 42 which 1s interposed
between the internal circuit region 2 and the four buffer
regions 4a to 4d shown 1 FIG. 1 so as to surround the
internal circuit region 2; a linear portion 43 for connecting
the electrode pad 3a to the annular portion 42; and a plurality
of linear portions 44 for connecting the annular portion 42
to the mternal circuit region 2.
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In the embodiment 3, a plurality of contacts 47a to 47¢ are
formed below the second wiring layer so as to penetrate
through the embedded 1nsulation film 11 and to connect the
seccond wiring layer to the semiconductor substrate 10.
Particularly, the contacts 47a and 47b are formed below the
linear portion 43 of the second wiring layer within the buifer
formation region 40a, and the contacts 47¢ to 47¢ are formed
below the annular portion 42 of the second wiring layer.

FIG. 7 shows a cross-sectional view taken along line E-F
shown 1n FIG. 6.

The second wiring layer 1s formed within the interlayer
insulation film 13. The contacts 47a and 47b are formed so
as to extend from the linear portion 43 of the second wiring
layer to the semiconductor substrate 10 by penetrating
through the semiconductor layer 12 and the embedded
insulation film 11, thereby establishing electrical connection
between the second wiring layer and the semiconductor
substrate 10. The annular insulation layer 18 1s formed 1n the
same layer as the semiconductor layer 12 so as to surround

the contacts 47a and 47b. Further, a contact 48 1s formed
below the electrode pad 3a so as to extend to the linear
portion 43 of the second wiring layer, thus establishing
clectrical connection between the electrode pad 3a and the
second wiring layer.

The contacts 47¢ to 47¢ shown 1n FIG. 6 are also formed
so as to extend from the annular portion 42 of the second
wiring layer to the semiconductor substrate 10 by penetrat-
ing through the semiconductor layer 12 and the embedded
film 11, thereby establishing electrical connection between
the second wiring layer and the semiconductor substrate 10.
As 1n the case of the insulation film 18, the annular insula-
tfion layers 18 surrounding the respective contacts 47¢ to 47¢
are formed 1n the same layer as the semiconductor layer 12.

Usually, no integrated circuits are fabricated in the area
outside the internal circuit region 2 and below the second
wiring layer which supplies steady potential from the elec-
trode pad 3a to the internal circuit region 2. As mentioned
previously, the contacts 47a to 47¢ for supplying steady
potential to the semiconductor substrate 10 are formed in the
originally-unassigned regions of the semiconductor chip,
thereby preventing an increase 1n the area of the semicon-
ductor chip.

Particularly, since neither buifer circuits nor other circuits
are formed 1n the buifer formation region 40a, contacts can
be formed below one of the areas where bufler circuits are
arranged 1n a side-by-side configuration (i.e., an area cor-

responding to the buffer formation region 40a), as in the case
of the contacts 47a and 47b.

Contacts may be formed at an arbitrary location within the
buffer formation regions 44).

The second wiring layer may be formed so as to divide the
linear portion 43 into branches within the buifer formation
region 40a, and contacts may be formed below respective
branches so as to penetrate through the embedded insulation
film 11 to the semiconductor substrate 10.

Contacts shown 1 FIG. 7 and communicating with the
semiconductor substrate 10 may be formed below the linear
portions 44 of the second wiring layer. Further, the first
wiring layers 45 and 46 provided 1n the interlayer mnsulation
f1lm 13 may be connected to the semiconductor substrate 10
by way of the contact. Further, the electrode pad 3a may
supply not a supply voltage but a ground potential to the
integrated circuit.

A method of manufacturing the semiconductor chip
shown 1n FIG. 7 will now be described. This manufacturing
method comprises the following process steps (21) through

(27).
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Process step (21): Identical with process step (1), except
that the openings 20 and the semiconductor layer 12 are
formed at different positions than in process step (1).

Process step (22): The first interlayer insulation film 22 1s
formed on the semiconductor layer 12. Simultaneously, the
openings 20 are also filled with insulation material, thus
forming the msulation layer 18. Further, the plurality of first
wiring layers 45 and 46 are formed on the first interlayer
insulation film 22.

Process step (23): The second interlayer insulation film 24
1s formed so as to cover the first wiring layers 45 and 46 and
the first interlayer insulation film 22. Subsequently, openings
23 are formed i the surface of the second interlayer
insulation film 22 so as to communicate with the semicon-
ductor substrate 10 by penetrating through the second inter-
layer msulation film 24, the semiconductor layer 12, and the
embedded insulation film 11. After formation of the open-
ings 23, P i1ons are implanted into the semiconductor
substrate 10 through the openings 23, thereby constituting
the P™ regions 19.

Process step (24): The contacts 47a to 47¢ are formed by
filling the inside of the openings 23 with metal, such as
tungsten. Further, the second wiring layer (comprising por-
tions 42 to 44) is formed from metal, such as aluminum, on
the second interlayer insulation film 24.

Process step (25): The third interlayer insulation film is
formed so as to cover the second mnterlayer insulation film 24
and the second wiring layer.

Process step (26): Openings are formed in the third
interlayer insulation film so as to communicate with the
second wiring layer.

Process step (27): The contacts 48 are formed by filling
the openings with metal, such as aluminum, and the elec-
trode pads 3a are formed so as to be connected to the
respective contacts 48.

As 1n the case of the embodiment 1, 1n the previously-
described process steps, etching technique 1s used for form-
ing the openings, and lithography and etching techniques are
used for patterning the wiring layers. Further, CVD 1s used
for forming the wiring layers, the interlayer insulation film,
and the contacts.

As has been described, in the first embodiment, the
semiconductor chip 1 comprises a wiring layer for supplying
stcady potential to an area other than the internal circuit
region 2, where an 1ntegrated circuit 1s fabricated, and the
buffer region 4a; and contacts which are formed 1n an area
of the wiring layer outside the internal circuit region 2 and
the butfer region 4a so as to penetrate through the embedded
insulation film 11 to the semiconductor substrate 10. Con-
tacts for supplying steady potential to the semiconductor
substrate 10 are formed in the area of the semiconductor chip
unassigned for fabrication of semiconductor circuits, thus
preventing an increase 1n the area of the semiconductor chip,
which would otherwise be caused by fabrication of the
contacts.

Embodiment 4

A semiconductor chip serving as a semiconductor device
according to a embodiment 4 will next be described by
reference to FIGS. 8 and 9. FIG. 8 1s a top view showing a
MOS ftransistor fabricated on the semiconductor chip, and
FIG. 9 1s a cross-sectional view taken along line G—H shown
in FIG. 8. The embodiment 4 1s directed toward a semicon-
ductor chip having such a structure as to supply steady
potential from a wiring layer 58 to a body region 50 of the



US 6,677,676 Bl

11

MOS transistor and to supply the steady potential further to
the semiconductor substrate 10.

As shown 1n the drawings, the semiconductor layer 12 1s
formed on the embedded insulation film 11 and comprises a
body region S0 serving as a p-type semiconductor layer; a
source region 31 and a drain region 52 which are spaced
from each other by means of the body region 50 existing
therebetween and which serve as n-type semiconductor
layers; and a contact region 533 which 1s electrically con-
nected to the body region 50 and serves as a p-type semi-
conductor layer. A insulation layer 54 adjoining the semi-
conductor layer 12 1s formed on the embedded insulation
f1lm 11 and surrounds the body region 50, the source region

51, the drain region 52, and the contact region 53.

A gate electrode 57 1s formed on the semiconductor layer
12 with a gate oxide film 56 interposed therebetween. The
cgate electrode 57 has a T-shaped profile, and an overlap
exists between a lateral portion of the T-shaped gate elec-
trode 57 and a portion of the contact region 53. Further, an
overlap exists between a longitudinal portion of the
T-shaped gate electrode 57 and the entirety of the body
region 50. The three ends of the T-shaped gate electrode 57
are extended up to the insulation layer 54. A single MOS
transistor 1s constituted by combination of the body region

50, the source region 51, the drain region 52, and the gate
clectrode 54.

The mterlayer insulation film 13 1s formed on the source
region 51, the drain region 52, the contact region 353, the
insulation layer 54, the gate electrode 57, and the semicon-
ductor layer 12.

The wiring layer 58 1s formed within the interlayer
insulation film 13 and supplies steady potential. In the case
of an n-type MOS transistor, steady potential corresponds to
a ground potential. In contrast, 1n the case of a p-type MOS
transistor, steady potential corresponds to a supply voltage.
The MOS ftransistor has a typical structure for permitting
flow of electric charges opposite to those of carriers resulting
from 1mpact 1onization in the body region 50. A contact 59
1s formed within the interlayer insulation film 13 so as to
extend vertically from the lower surface of the wiring layer
58 to the semiconductor substrate 10 by penetrating through
the embedded insulation film 11. Further, a portion of the
contact 59 adjoins the end of the contact region 53. More
specifically, the contact 59 has four contact planes; a first
contact plane 594 adjoining the lower surface of the wiring
layer 58 at right angles 1n the vertical direction; a second
plane 59b provided opposite the first contact plane 594 and
adjoimning the main surface of the semiconductor substrate
10; a third contact plane 59c provided opposite the first
contact plane 594 and adjoming the upper surface of the
contact region 33; and a fourth contact plane 59d which 1s
a portion of the vertical side surface of the contact §9 and
adjoins the side surface of the contact region 53. By virtue
of the above-described structure of the contact 59, steady
potential 1s supplied to the body region 50 and the semi-
conductor substrate 10 of the MOS transistor by way of the
contact 59.

The contact 59 serves as both a contact for supplying
stecady potential and a contact for supplying steady potential
to the body region 50 of the MOS ftransistor, thereby
enabling a reduction 1n the number of contacts and prevent-
ing an 1ncrease 1n the area of the semiconductor chip.

A method of manufacturing the semiconductor chip will
next be described by reference to FIG. 10 and an example 1n
which an n-type MOS transistor 1s fabricated as a transistor
shown 1n FIG. 8. This manufacturing method comprises the
following process steps (31) through (36).
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Process step (31): As shown in FIG. 10A, there is pre-
pared a wafer comprising a p-type semiconductor substrate
10, an embedded msulation film 11 formed on the semicon-
ductor substrate 10, and a p-type semiconductor layer 12
formed on the embedded insulation film 11. An opening 60
1s formed so as to assume an annular shape when viewed
from the top, by selectively etching away the semiconductor
layer 12. A rectangular semiconductor layer 61 1s left within

the opening 60. Two sections of the opening 60 are shown
in the cross-sectional view shown in FIG. 10, and one of the

two sections of the opening 60 1s made so as to become
wider than the other section. The reason for this i1s that a

portion of a msulation layer filling the wider section of the
opening 60 1s etched away 1n a subsequence process and the
thus-removed 1nsulation layer must be compensated for.

Process step (32): As shown in FIG. 10B, a insulation
layer 54 1s formed by filling the 1nside of the opening 60 with
S10,. Subsequently, after the water has been subjected to
predetermined masking treatment, n-type 1ions are implanted
or diffused 1nto the semiconductor layer 61, thus forming the
source region 31 and the drain region 52, which are made to
oppose each other with a distance therebetween. The area of
the semiconductor layer 61 in which ntype 1ons are not
implanted or diffused i1s formed into the p-type contact
region 53 and the p-type body region 52. Alternatively, after
the waler has been subjected to predetermined masking
treatment, the contact region 53 may be formed by implant-
ing p+1ons into the semiconductor layer 61. In this case, the
impurities contained 1n the contact region 53 become higher
in concentration than those contained in the body region 52,
thereby establishing good electrical connection between the
contact 59 and the body region 52.

Process step (33): The gate oxide film 56 is formed so as
to extend across the body region 50, the contact region 53,
and the insulation layer 54, and the gate electrode 57 1s
formed on the gate oxide film 56.

Process step (34): As shown in FIG. 10C, after formation
of a first interlayer insulation film 62, an opening 63 1is
formed by means of etching at a position where the cross
section of the opening 63 includes a boundary surface
between the insulation layer 54 and the contact region 53. In
connection with this etching, etchant which selectively
ctches only insulation material 1s used.

Etching 1s continued even after a portion of the insulation
layer 54 and a portion of the contact region 533 have been
exposed within the opening 63. As shown in FIG. 10D,
ctching 1s continued until the semiconductor substrate 10
becomes exposed within the opening 63. During the etching
process, the contact region 53 formed from semiconductor
material 1s not etched away at all.

Process step (35): As shown in FIG. 10E, the contact 59
1s formed by filling the 1nside of the opening 63 with metal,
such as tungsten. Further, the wiring layer 58 1s formed from
metal, such as aluminum, on the first interlayer insulation
film 62 so as to connect with the contact 59.

Process step (36): A second interlayer insulation film is
formed so as to cover the first interlayer insulation film 62
and the wiring layer 58, and a second wiring layer 1s formed
on the second interlayer msulation film, thus constituting a
multi-layered structure.

In the previously-described process steps, etching tech-
nique 1s used for forming the openings, and lithography and
ctching techniques are used for patterning the wiring layers.
Further, CVD 1s used for forming the wiring layers, the
interlayer isulation film, and the contacts.

According to this manufacturing method, the opening 63
for use 1n forming the contact 59 i1s formed at the position
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where the cross-section of the opening 63 1ncludes a bound-
ary surface between the insulation layer 54 and the contact
region 53. The semiconductor substrate 10 and the contact
region 33 can be exposed by etching the water through use
of a single mask and etchant which selectively eliminates
only a msulation material, thereby eliminating a necessity
for use of a plurality of types of etchant and use of a plurality
of masks and reducing costs incurred by manufacture of a
semiconductor chip.

The contact 59 formed according to the foregoing manu-
facturing method 1s structured so as to be connected to the
contact region 53 by way of the third contact plane 59¢ and
the fourth contact plane 59d, with the result that the area of
the contact plane between the contact 59 and the contact
region 33 becomes greater. Accordingly, good electrical
contact 1s established between the contact 59 and the body
region 30 by way of the contact region 53.

FIGS. 11A and 11B show a modification of the embodi-
ment 4; FIG. 11 A 1s a top view of the modification, and FIG.
11B 1s a cross-sectional view taken along line G'-H'. This
modification differs from the embodiment shown 1n FIGS. 8
and 9 1n that the contact 59 is provided in the contact region
53. In this case, an opening to be filled with the contact 59
1s provided so as to penetrate through the contact region 53.
The circumferential surface of the contact 59 1s surrounded
by and connected to the contact region 53.

Under the method of manufacturing a semiconductor chip
according to this modification, although only a single mask
is used in process step (33), the opening must be formed
through the process steps of: eliminating a portion of the first
interlayer insulation film 62 through selective etching of
insulation material while the contact region 53 1s used as a
stopper; eliminating a portion of the contact region 53
through selective etching of semiconductor material while
the embedded insulation film 11 1s used as a stopper; and
climinating a portion of the embedded insulation film 11 by
selective etching of insulation material while the semicon-
ductor substrate 10 1s used as a stopper. Alternatively, the
waler may be etched through use of etchant which elimi-
nates both msulation material and semiconductor material,
and etching may be stopped before the opening reaches the
semiconductor substrate 10.

Embodiment 5

A semiconductor chip serving as a semiconductor device
according to a embodiment 5 of the present invention will
now be described by reference to FIGS. 12 and 13, wherein
FIG. 12 15 a top view showing a MOS transistor fabricated
on the semiconductor chip, and FIG. 13 1s a cross-sectional
view taken along line I-J shown in FIG. 12. The embodi-
ment 5 shows the configuration of the semiconductor chip,
in which steady potential 1s supplied to the source region 51
of the MOS transistor from the wiring layer 58 and is also
supplied to the semiconductor substrate 10.

As shown 1n the drawing, the semiconductor chip does not
include the contact region 533 shown m FIG. 8, and the
insulation layer 54 1s formed so as to surround the source
region 51, the drain region 52, and the body region 50
sandwiched between the source region 51 and the drain
region 52. An overlap exists between the gate electrode §7
and the body region 50, and the respective longitudinal ends
of the gate electrode 57 are extended up to the insulation
layer 54.

In the case of an n-type MOS ftransistor, the steady
potential supplied to the source region 51 by means of the
wiring layer 58 corresponds to a ground potential GND. In
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contrast, 1n the case of a p-type MOS ftransistor, the steady
potential corresponds to a supply voltage VDD. These
voltages are commonly employed 1n various types of logic
circuits such as iverters, NAND circuits, and NOR circuits.
The contact 59 1s formed within the 1nterlayer insulation film
13 so as to vertically extend from the lower surface of the
wiring layer 38 to the semiconductor substrate 10 by pen-
ctrating through the embedded oxide film 11 and 1s con-
nected to the edge of the source region 51. More specifically,
the contact §9 has four contact planes; namely, the first
contact plane 59a adjoining the lower surface of the wiring
layer 38; the second plane 59b adjoining the main surface of
the semiconductor substrate 10; the third contact plane 59c
adjoining the upper surface of the source region 51; and the
fourth contact plane 594 which 1s a portion of the vertical
side surface of the contact 59 and adjoins the side surface of
the source region 51. By virtue of the above-described
structure of the contact 59, steady potential 1s supplied to the
source region 31 and the semiconductor substrate 10 of the
MOS ftransistor.

The contact 59 serves as both a contact for supplying
steady potential and a contact for supplying steady potential
to the source region 51 of the MOS transistor, thereby
enabling a reduction 1n the number of contacts and prevent-
Ing an increase 1n the area of the semiconductor chip.

Next, a method of manufacturing the semiconductor chip
will be described by reference to an example 1n which an
n-type MOS transistor 1s fabricated as a transistor shown in
FIG. 12. The manufacturing method comprises the follow-
ing process steps (41) through (46):

Process step (41): Identical with process step (31)

Process step (42): Identical with process step (32), except
that the contact region 53 does not exist.

Process step (43): Identical with process step (33), except
that the gate electrode §7 has a different geometry.

Process step (44): Identical with process step (34), where
the opening 63 1s formed 1n such a position that the cross-
section of the opening 63 includes a boundary surface
between the insulation layer 54 and the source region 51.
The wafer 1s etched until a portion of the source region 51
and a portion of the semiconductor substrate 10 become
exposed within the opening 63.

Process step (45): Identical with process step (35)

Process step (46): Identical with process step (36)

Even 1n this manufacturing method, as in the case of the
embodiment 4, the opening 63 used for forming the contact
59 1s formed by etching through use of a single mask and one
type of etchant, thus preventing an increase 1n costs incurred
by manufacture of a semiconductor chip. The contact 59 1s
connected to the source region 51 by way of the third and
fourth contact planes 59c¢ and 594, thereby increasing the
arca of a contact plane between the contact 59 and the source
region 51, thereby establishing good electrical connection
between the contact 539 and the source region 51.

FIGS. 14A and 14B show a modification of the embodi-
ment 5; FIG. 14A 1s a top view of the modification, and FIG.
14B 1s a cross-sectional view taken along line I'-J'. This
modification differs from the embodiment shown in FIG. 12
in that the contact 59 1s provided in the source region 51. In
this case, an opening to be filled with the contact 59 1is
provided so as to penetrate through the source region 51. The
circumferential surface of the contact 39 1s covered with and
connected to the source region 51.

Process steps for forming the opening are the same as
those shown 1n FIG. 11.



US 6,677,676 Bl

15

Embodiment 6

A semiconductor chip serving as a semiconductor device
according to a embodiment 6 will next be described by
reference to FIGS. 15 and 16. FIG. 15 1s a top view showing
a MOS transistor fabricated on the semiconductor chip, and
FIG. 16 1s a cross-sectional view taken along line K-L
shown 1n FIG. 15. The embodiment 6 1s directed toward a

semiconductor chip having such a structure as to supply
stecady potential from a wiring layer 58 to the gate electrode
57 of the MOS ftransistor and to supply the steady potential
further to the semiconductor substrate 10. Supplying steady
potential to the gate electrode §7 1s well known 1n the field
of gate 1solation, such as supply of steady potential observed
in a gate array or a MOS transistor used as a load resistor.

In the drawing, the semiconductor chip does not include
the contact region 53 shown in FIG. 8, and the insulation
layer 54 1s formed so as to surround the source region 51, the

drain region 52, and the body region 50 sandwiched between
the source region 51 and the drain region 52. An overlap
exists between the gate electrode 57 and the body region 50,
and the longitudinal respective ends of the gate electrode 57
are extended up to the insulation layer 54.

The contact §9 1s formed within the interlayer insulation
film 13 so as to vertically extend from the lower surface of
the wiring layer 58 to the semiconductor substrate 10 by
penctrating through the embedded oxide film 11, and 1s
connected to the edge of the source region 51. More
specifically, the contact §9 has four contact planes; namely,
the first contact plane 594 adjoining the lower surface of the
wiring layer 58; the second plane 595 adjoining the main
surface of the semiconductor substrate 10; the third contact
plane 59c¢ adjoining the upper surface of the gate electrode
57; and the fourth contact plane 539d which 1s a portion of the
vertical side surface of the contact §9 and adjoins the side
surface of the gate electrode 57. Further, there 1s a require-
ment that the circumferential surface of the contact 59 be
coated with the insulation layer 54 so as to be 1solated from
the body region 50. By virtue of the above-described struc-
ture of the contact 59, steady potential 1s supplied to the gate
clectrode 57 and the semiconductor substrate 10 of the MOS
transistor.

The contact 59 serves as both a contact for supplying

steady potential and a contact for supplying steady potential
to the gate electrode 57 of the MOS transistor, thereby

enabling a reduction 1n the number of contacts and prevent-
Ing an increase in the area of the semiconductor chip.

A method of manufacturing the semiconductor chip will
next be described by reference to FIGS. 19A to 19D, by
reference to an example 1n which an n-type MOS transistor
1s fabricated as a transistor shown 1 FIG. 15. This manu-
facturing method comprises the following process steps (51)
through (55).

Process step (51): As shown in FIG. 19A, there is pre-
pared a waler comprising a p-type semiconductor substrate
10, an embedded 1nsulation film 11 formed on the semicon-
ductor substrate 10, and a p-type semiconductor layer 12
formed on the embedded insulation film 11. An opening 60
1s formed so as to assume an annular shape when viewed
from the top, by selectively etching away the semiconductor
layer 12. A rectangular semiconductor layer 61 1s left within
the opening 60. Two sections of the opening 60 are shown
in the cross-sectional view shown 1n FIG. 19A, and one of
the two sections of the opening 60 1s made so as to become
wider than the remaining section. The reason for this 1s that
a portion of a msulation layer filling the wider section of the
opening 60 1s etched away 1n a subsequence process and the
thus-removed 1nsulation layer must be compensated for.

10

15

20

25

30

35

40

45

50

55

60

65

16

Process step (52): As shown 1n FIG. 19B, the insulation
layer 54 1s formed by filling the 1nside of the opening 60 with
S10,. Subsequently, after the wafer has been subjected to
predetermined masking treatment, n-type 1ons are implanted
or diffused 1nto the semiconductor layer 61, thus forming the
source region 51 and the drain region 52, which oppose each
other with a distance therebetween. The area of the semi-
conductor layer 61 in which n-type 1ons are not implanted or
diffused 1s formed into the p-type body region 52. Further,
the gate oxide film 56 1s formed so as to extend over the
body region 50 and the insulation layer 54, and the gate
clectrode 57 1s formed on the gate oxide film 56. The
respective longitudinal ends of the gate electrode 57 are
linearly extended up to the insulation layer 54.

Process step (53): As shown in FIG. 19C, the first inter-
layer 1nsulation film 62 1s formed on the gate electrode 57,
the msulation layer 54, and the semiconductor layer 12. The
opening 63 1s formed by means of etching at a position
where the cross section of the opening 63 includes one end
of the gate electrode §57. For this etching, etchant which
selectively etches only 1insulation material 1s used. Etching is
continued even after a portion of the gate electrode 57 has
been exposed within the opening 63. As shown 1n FIG. 19D,
ctching 1s continued until the semiconductor substrate 10
becomes exposed within the opening 63. At this time, a
portion of the exposed gate electrode 57 serves as a stopper,
with the result that an areca below the gate electrode 57 1s
prevented from being etched away. Other than the gate
clectrode 57, all the arecas within the opening 63 down to the
semiconductor substrate 10 are constituted of insulation
material and, hence, are etched away.

Process step (54): As shown in FIG. 19D, the contact 59
1s formed by filling the 1nside of the opening 63 with metal,
such as tungsten. The opening 63 1s formed so as to penetrate
through the msulation layer 54, and hence the contact §9 1s
not electrically connected to the semiconductor layer 12 and
the body region 50. Further, the wiring layer 38 1s formed
from metal, such as aluminum, on the first interlayer 1nsu-
lation film 62 so as to adjoin the contact 59.

Process step (55): A second interlayer insulation film is
formed so as to cover the first interlayer msulation film 62
and the wiring layer 58, and the second wiring layer 1s
formed on the second interlayer insulation film, thus con-
stituting a multi-layered structure.

In the previously-described process steps, etching tech-
nique 1s used for forming the openings, and lithography and
ctching techniques are used for patterning the wiring layers.
Further, CVD 1s used for forming the wiring layers, the
interlayer isulation film, and the contacts.

Even according to this manufacturing method, as in the
case of the embodiment 4, the opening 63 used for forming
the contact 59 1s etched away through use of a single mask
and one type of etchant, thus preventing an increase in costs
incurred by manufacture of a semiconductor chip. Further,
the end of the gate electrode 57 adjoining the contact 59 is
formed along the boundary surface between the body region
50 and the 1nsulation layer 54 until it adjoins the msulation
layer 54, thereby preventing the contact 539 from adjoining
the body region 50. Further, the contact 59 1s connected to
the gate electrode 57 by way of the third contact plane 59c
and the fourth contact plane 59d, thereby increasing the arca
of a contact plane between the contact 539 and the gate
clectrode 57. Accordingly, good electrical connection 1is
established between the gate electrode 57 and the contact 59.

As 1n the case of the modifications shown 1n FIGS. 11 and
14, the contact 59 may be formed within the gate electrode
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57. In this case, the opening to be filled with the contact 59
1s formed so as to penetrate through the gate electrode 57.
The contact 59 1s connected to the gate electrode 57 such
that the circumferential surface of the contact 59 1s covered
with the gate electrode 57.

Embodiment 7

By reference to FIGS. 17A to 17C, a method of manu-

facturing a substrate having an SOI structure according to a
embodiment 7 will now be described. This manufacturing
method comprises the following process steps (61) to (63).

Process step (61): P+ 1ons, which are to act as acceptors,
are 1mplanted or diffused into the overall main surface of a
p-type semiconductor wafer 100, to thereby form, to a
predetermined depth, a region 101 which has a greater

acceptor concentration than does the remaining area of the
semiconductor wafer 100 (see FIG. 17A).

Process step (62): The main surface of a p-type semicon-
ductor water 102 1s oxidized beforehand, to thereby form an
oxidized region 103 to a predetermined depth of the wafer
102. The region 101 of the wafer 100 and the oxidized
region 103 of the wafer 102 are brought mnto close mutual
contact and these wafers are annealed, thereby causing the

regions 102 and 103 to adhere to each other (see FIG. 17B).

Process step (63): The wafer 102 is abraded from its
reverse surface; 1.e., the surface opposite the surface on
which the oxidized region 103 1s formed, through mechani-
cal or chemical abrasion, thereby leaving a semiconductor

layer 104 of predetermined thickness (see FIG. 17C).

The wafer thus manufactured through process steps (61)
to (63) has an SOI structure. The p-type semiconductor
waler 101 corresponds to a semiconductor substrate of SOI
structure; the oxidized region 103 corresponds to an embed-
ded mnsulation film; and the p-type semiconductor layer 104
corresponds to a semiconductor layer.

In a semiconductor device comprising a waler of SOI
structure and an integrated circuit mounted thereon, estab-
lishing electrical connection between a semiconductor sub-
strate and the contact penetrating through the embedded
insulation film further mvolves process steps of: forming
from a semiconductor layer a semiconductor element which
1s to constitute an integrated circuit and, subsequently,
forming an interlayer insulation film so as to cover the
semiconductor element; forming in the interlayer insulation
film an opening used for forming a contact so as to penetrate
through the embedded insulation film; and filling the inside
of the opening with polysilicon which is to constitute the
contact.

Wherever the opening 1s formed, the area of the semi-
conductor substrate whose acceptor concentration 1s high 1s
opened. Accordingly, the contact adjoins the high acceptor-
concentration region, thereby reducing the area of a contact
plane between the semiconductor substrate and the contact.
Thereby, the potential of the semiconductor substrate is
readily made steady.

As 1 the case of the embodiment 7, Japanese Patent
Application Laid-Open No. He1-3-272176 also describes
formation, on the surface of the semiconductor substrate
adjoining the embedded 1nsulation film, of a semiconductor
layer which has a higher 1on concentration than does the
semiconductor substrate. However, as shown 1n FIG. 2 of
Patent Application No. Hei1-3-272176, since 1ons are
implanted into the semiconductor layer from above so as to
pass through the semiconductor layer and the embedded
insulation film, difficult control 1s required for effecting
distribution of semiconductor 1ons between the semiconduc-
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tor substrate and the embedded 1nsulation film. In contrast,
according the embodiment 7, after semiconductor 10ns have
been implanted or diffused into the surface of the silicon
waler beforehand, the silicon water 1s attached to another
silicon wafer whose surface has been oxidized beforehand,
thus eliminating a necessity for difficult control required for
distribution of a high concentration of 1ons between the
semiconductor substrate and the embedded insulation film.
A semiconductor waler comprising a semiconductor
substrate, an embedded 1nsulation film, and a high-impurity-
concentration region 1s readily manufactured.

Embodiment 8

A method of manufacturing a substrate of SOI structure
according to an embodiment 8 will now be described by
reference to FIG. 18. This manufacturing method comprises
the following process steps (71) to (73).

Process step (71): Metal, such as gold, copper, or
aluminum, 1s vapor-deposited onto the overall main surface
of the p-type semiconductor wafer 100, to thereby form a
metal-vapor-deposited region 105 to a predetermined depth

from the main surface of the wafer 100 (FIG. 18A).

Process step (72): The main surface of the p-type semi-
conductor water 102 1s oxidized beforehand, to thereby form
the oxidized region 103 to a predetermined depth from the
main surface 1n the water 102. The metal-vapor-deposited
region 105 of the wafer 100 and the oxidized region 103 of
the water 102 are brought into close mutual contact and

annealed, thereby causing the metal-vapor-deposited region
105 to adhere to the oxidized region 103 (FIG. 18B).

Process step (73): The wafer 102 is abraded from its
reverse surface; 1.., the surface opposite the surface on
which the oxidized region 103 1s formed, through mechani-

cal or chemical abrasion, thereby leaving a semiconductor
layer 104 of predetermined thickness (see FIG. 18C).

The wafer thus manufactured through process steps (71)
to (73) has an SOI structure. The p-type semiconductor
waler 101 corresponds to a semiconductor substrate of SOI
structure; the oxidized region 102 corresponds to an embed-
ded msulation film; and the p-type semiconductor layer 104
corresponds to a semiconductor layer.

In the semiconductor device comprising an integrated
circuit mounted on a water of SOI structure, 1f a contact
penetrating through an embedded insulation film 1s electri-
cally connected to a semiconductor substrate, process steps
identical with those mentioned 1n connection with the
embodiment 7 are performed.

Wherever the opening 1s formed, metal-vapor-deposited
region of the semiconductor substrate 1s opened.
Accordingly, the contact comes to adjoin the metal-vapor-
deposited region, thereby reducing resistance of a contact
plane between the semiconductor substrate and the contact.
Thereby, the potential of the semiconductor substrate is
readily made steady.

After metal has been vapor-deposited on the surface of a
silicon wafer beforehand, another silicon wafer whose sur-
face 1s oxidized 1s attached to the metal-vapor-deposited
region of the silicon wafer, thereby eliminating a necessity
for control required for distribution of 1ons between the
semiconductor substrate and the embedded insulation film.
A semiconductor wafer comprising a semiconductor
substrate, an embedded 1nsulation film, and a region of high
impurity concentration sandwiched therebetween can be

manufactured more easily than that described 1n Japanese
Patent Application Laid-open No. He1-3-272176.

As has been described above, 1n a semiconductor sub-
strate according to the present invention, a contact for
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supplying steady potential to a semiconductor substrate 1s
formed so as to extend from a wiring layer located outside
a first region on the surface of an embedded 1nsulation film,
where an 1ntegrated circuit 1s fabricated, to the semiconduc-
tor substrate by penetrating through the embedded msulation
f1lm. The contact can be formed 1n a region of the semicon-
ductor device which 1s originally unassigned for fabrication
of an integrated circuit, thus preventing an increase in the
arca of the semiconductor device.

In the semiconductor device according to the present
invention, provided that boundaries of a first region com-
prise a first line and a second line, the two lines intersecting,
at right angles, a second region 1s defined by means of a third
line which i1s an extension of the first line from a point of
intersection of the first and second lines; a fourth line which
1s an extension of the second line from the point of inter-
section; and boundaries adjoining an embedded insulation
film. No mtegrated circuits are formed 1n this second region.
A contact penetrating through the second region 1s formed in
the embedded msulation film, thus preventing an increase 1n
the area of the semiconductor device.

In the semiconductor device according to the present
invention, a potential supply pad 1s formed on the interlayer
insulation film so as to be located outside the first region and
receives steady potential. The wiring layer connects a power
supply pad to an integrated circuit, thus making steady the
potential of a semiconductor substrate by utilization of
stecady potential received from the outside.

The semiconductor device according to the present inven-
fion comprises a plurality of electrode pads, and a plurality
of bufler circuits which are interposed between the electrode
pads and an integrated circuit and arranged in a predeter-
mined direction so as to oppose the electrode pads, thus
climinating a necessity for fabrication of buffer circuits in
the region between the potential supply pad and the inte-
orated circuit. A wiring layer comprises a portion opposite
one of the plurality of buffer circuits and arranged 1n a
predetermined direction, and a contact 1s provided below the
opposing portion of the wiring layer, thus preventing an
increase 1n the area of the semiconductor device.

In the semiconductor device according to the present
invention, 1n a case where electrode pads for receiving
stcady potential and supplying the steady potential to an
integrated circuit are formed on the interlayer insulation
layer outside the region where the integrated circuit is
fabricated, regions below the electrode pads are unassigned
for fabrication of integrated circuits. A contact 1s formed so
as to extend from below each of the electrode pads to the
semiconductor substrate by penetrating through the embed-
ded insulation film, thus preventing an increase in the arca
of the semiconductor device.

In the semiconductor device according to the present
invention, a contact extending from the wiring layer to the
semiconductor substrate by penetrating through the embed-
ded 1nsulation film adjoins, at one side thereof, a region
which 1s to act as one terminal of a MOS ftransistor.
Accordingly, when the same steady potential 1s supplied to
the semiconductor substrate and one terminal of the MOS
transistor, the contact 1s shared, with the result that the
number of contacts can be diminished.

In the semiconductor device according to the present
invention, the contact has a first plane adjoining the wiring
layer, a second plane opposite the first plane and adjoining
the semiconductor substrate, and a third plane adjoining a
region which faces the first plane and serves as one terminal
of the MOS transistor. As a result, the area of a contact plane
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between the contact and one terminal of the MOS transistor
1s 1ncreased, thereby establishing good electrical connection
between the contact and one terminal of the MOS transistor.

In the semiconductor device according to the present
imnvention, the circumferential surface of the contact 1s
surrounded by and adjoins the region which 1s to act as one
terminal of the MOS transistor. Accordingly, the areca of a
contact plane between the contact and one terminal of the

MOS transistor 1s increased, thereby establishing good elec-
trical connection between the contact and one terminal of the

MOS transistor.

The region which 1s to serve as one terminal of the MOS
transistor corresponds to a source region formed on the
embedded 1nsulation film, and steady potential 1s supplied to
the source terminal of the MOS transistor.

The region which 1s to serve as one terminal of the MOS
transistor corresponds to a contact region which 1s formed
on the embedded insulation film and adjoins a body region
sandwiched between the source and drain regions of the
MOS transistor, so that steady potential 1s supplied to the
body region.

Further, the region which is to serve as one terminal of the
MOS transistor corresponds to a gate electrode of the MOS
transistor, so that steady potential 1s supplied to the gate
electrode.

The method of manufacturing a semiconductor device
according to the present invention comprises a step of:
forming an opening through use of etching such that the
cross section of the opening 1s located on a boundary surface
between the semiconductor layer and the insulation layer,
thereby opening a portion of the semiconductor substrate
and a portion of the semiconductor layer. Accordingly, a
second opening can be formed through use of one type of
ctchant and a single mask. Through a process step of filling
the 1nside of the second opening with a conductive
substance, there 1s formed a contact for electrically connect-
ing together the semiconductor layer and the semiconductor
substrate. Accordingly, the process for forming the contact
can be simplified, which 1n turn results m a reduction 1n
manufacturing costs.

Further, the manufacturing method according to the
present 1mvention comprises a step of forming source and
drain regions of the MOS ftransistor in the semiconductor
layer, and the opening 1s formed in the source region.
Consequently, there 1s provided a semiconductor device
which electrically connects the source region to the semi-
conductor substrate.

Further, the manufacturing method comprises a step of
forming 1n the semiconductor layer the source and drain
regions of the MOS transistor, a body region to be sand-
wiched between the source and drain regions, and a contact
region electrically connected to and adjomning the body
region. The opening section 1s formed 1n the contact region,
thereby yielding a semiconductor device comprising the
body region electrically connected to the semiconductor
substrate.

The manufacturing method of the present invention com-
prises a step of forming a gate electrode of the MOS
transistor on the semiconductor layer such that one end of
the gate electrode adjoins the upper surface of the msulation
layer, and a step of forming an opening through use of
ctching such that the cross section of the opening 1s located
at one end of the gate electrode, thereby opening a portion
of the semiconductor substrate and a portion of the gate
clectrode. Therefore, a second opening can be formed
through use of one type of etchant and a single mask.
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Further, through a process of {illing the inside of the opening
with a conductive substance, there 1s formed a contact for
clectrically connecting together the gate electrode and the
semiconductor substrate. Accordingly, the process for form-
ing the contact becomes simpler, thereby enabling a reduc-
fion 1n manufacturing costs.

The method of manufacturing a wafer of SOI structure
according to the present invention comprises a process step
of implanting or diffusing semiconductor 1ons of the same
conductivity as that of the first semiconductor wafer into the
main surface of the first semiconductor wafer; and a process
step of attaching together the surface of the second semi-
conductor water which 1s oxidized to a predetermined depth
and the surface of the first semiconductor wafer, in which
semiconductor 1ons are 1implanted or diffused. Accordingly,
a high-impurity-concentration region can be formed on the
surface of the semiconductor substrate adjoining the embed-
ded 1nsulation film without mvolvement of complicated
control.

The method of manufacturing a water of SOI structure
according to the present invention comprises process steps
of: vapor-depositing metal on the main surface of the first
semiconductor wafer; and attaching together the surface of
the second semiconductor walfer which 1s oxidized to a
predetermined depth and the surface of the first semicon-
ductor wafer, in which semiconductor 1ons are implanted or
diffused. Accordingly, a high-impurity-concentration region
can be formed on the surface of the semiconductor substrate
adjoining the embedded msulation film without involvement
of complicated control.

In the semiconductor device, boundaries of the first region
may comprise a first line and a second line, the two lines
intersecting at right angles, and the contact penetrates to the
semiconductor substrate through a second region defined by
a third line which 1s an extension of the first line from a point
of intersection of the first and second lines; a fourth line
which 1s an extension of the second line from the point of
intersection; and boundaries adjoining the embedded 1nsu-
lation film.

Here, the semiconductor device may further comprise a
potential supply pad which 1s formed on the interlayer
insulation film so as to be located outside the first region on
the surface of the embedded insulation film and receives
stcady potential, wherein the wiring layer connects the
potential supply pad to the integrated circuit.

Here, the semiconductor device may further comprise a
plurality of electrode pads which are located outside the first
region on the surface of the embedded insulation film and
are arranged 1n a predetermined direction; and a plurality of
buffer circuits which are formed 1n a region between the
plurality of electrode pads and the first region and arranged
in the predetermined direction 1n such a way as to oppose the
respective electrode pads, wherein the steady potential pad
1s arranged 1n the predetermined direction together with the
plurality of electrode pads, the wiring layer includes a
opposing portion opposite to one of the plurality of buifer
circuits arranged in the predetermined direction, the contact

1s formed below the opposing portion of the wiring layer.

In the semiconductor device, the contact may have a first
plane adjoining the wiring layer, a second plane being
opposite to the first plane and adjoining the semiconductor
substrate, and a third plane which faces the first plane and
adjomns a region serving as one terminal of the MOS
fransistor.

In the semiconductor device, the region serving as one
terminal of the MOS ftransistor may be a source region
formed on the embedded insulation film.
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In the semiconductor device, the region serving as one
terminal of the MOS transistor may be a contact region
which 1s formed on the embedded insulation film and
adjoins a body region sandwiched between the source region
and the drain region of the MOS transistor.

In the semiconductor device, the region serving as one

terminal of the MOS transistor may be a gate electrode of the
MOS ftransistor.

In the semiconductor device, the contact may include a

portion which 1s surrounded by and adjoins a region serving
as one terminal of the MOS transistor 1n the circumferential

surface.

In the semiconductor device, the contact may include a

portion which is surrounded by the embedded insulation film
in the circumferential surface.

In the semiconductor device, the contact may include a
portion which 1s surrounded by an insulation layer in the
circumferential surface, the insulation layer being formed
between the embedded insulation film and the interlayer

mmsulation film.

There 1s provided a method of manufacturing a semicon-
ductor device from a wafer including a semiconductor
substrate, an embedded 1nsulation film formed on the main
surface of the semiconductor substrate, and a semiconductor
layer formed on the embedded insulation film, the method
comprising the steps of: forming a first opening which opens
the embedded 1nsulation film by removing the semiconduc-
tor layer selectively; forming a insulation film in the first
opening and on the semiconductor layer; forming an inter-
layer insulation film on the water; forming a second opening
such that the cross section of the second opening 1s located
on a boundary surface between the semiconductor layer and
the 1nsulation layer using etching, thereby opening a portion
of the semiconductor substrate and a portion of the semi-
conductor layer; and filling the 1nside of the second opening
with a conductive substance.

Here, the semiconductor device manufacturing method
may further comprise a step of forming source region and
drain region of a MOS transistor 1 the semiconductor layer;
wherein the second opening makes an opening in the source
region.

Here, the semiconductor device manufacturing method
may further comprise a step of forming in the semiconductor
layer the source region and drain region of the MOS
transistor, a body region to be sandwiched between the
source region and drain region, and a contact region elec-
trically connected to the body region; wherein the second
opening makes an opening in the contact region.

There 1s provided a method of manufacturing a semicon-
ductor device including a semiconductor substrate, an
embedded 1nsulation film formed on the main surface of the
semiconductor substrate, and a semiconductor layer formed
on the embedded mnsulation film, the method comprising the
steps of forming a first opening which opens the embedded
insulation {ilm by removing the semiconductor layer selec-
tively; forming a insulation film 1n the first opening; forming
a gate electrode of a MOS transistor on the semiconductor
layer such that one end of the gate electrode adjoins the
upper surface of the insulation layer; forming an interlayer
insulation film on the wafer; forming a second opening such
that the cross section of the second opening 1s located on one
end of the gate electrode using etching, thereby opening a
portion of the semiconductor substrate and a portion of the
cgate electrode; and filling the inside of the second opening
with a conductive substance.

There 1s provided a method of manufacturing a wafer of
SOI structure comprising the steps of: implanting or diffus-
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ing semiconductor 1ons of the same conductivity as that of
a first semiconductor wafer 1nto the main surface of the first
semiconductor wafer; and attaching together the surface of
the second semiconductor wafer which 1s oxidized to a
predetermined depth and the surface of the first semicon-

ductor wafer, in which semiconductor 1ons are implanted or
diffused.

There 1s provided a method of manufacturing a wafer of
SOI structure comprising the steps of: vapor-depositing
metal on the main surface of a first semiconductor wafer;
and attaching together the surface of a second semiconduc-
tor waler which 1s oxidized to a predetermined depth and the
surface of the first semiconductor water, in which semicon-
ductor 1ons are 1implanted or diffused.

The present 1nvention has been described in detail with
respect to various embodiments, and it will now be apparent
from the foregoing to those skilled 1n the art that changes
and modifications may be made without departing from the
invention 1n 1its broader aspects, and 1t 1s the invention,
therefore, 1n the appended claims to cover all such changes
and modifications as fall within the true spirit of the mnven-
tion.

The entire disclosure of Japanese Patent Application No.
11-129467 filed on May 11, 1999 including specification,
claims, drawings and summary are incorporated herein by
reference 1n 1ts entirety.

What 1s claimed 1s:

1. A semiconductor device comprising;:

a semiconductor substrate;

an embedded msulation film formed on one main surface
of said semiconductor substrate;

an 1ntegrated circuit fabricated in a first region on the
surface of said embedded insulation film;

an 1nterlayer insulation film formed on said embedded
insulation film so as to cover said mtegrated circuit;

a wiring layer formed 1n said interlayer insulation film and
supplying steady potential;

a contact extending from said wiring layer to said semi-
conductor substrate by penetrating through a portion,
outside the first region and on the surface of said

embedded insulating film, said contact establishing
clectrical connection between said wiring layer and

said semiconductor substrate;

a plurality of electrode pads which are located outside the
first region on the surface of said embedded msulation
f1lm and are arranged 1n a predetermined direction;

™

a plurality of buffer circuits which are formed 1n a region
between said plurality of electrode pads and the first
region and arranged 1n said predetermined direction 1n
such a way as to oppose the respective electrode pads;
and

a potential supply pad which 1s formed on the interlayer
insulation film so as to be located outside the first
region on the surface of said embedded 1nsulation film
and receives steady potential,

wherein said potential supply pad i1s arranged i1n said
predetermined direction together with said plurality of

clectrode pads,

said wiring layer includes an opposing portion opposite to
one of said plurality of buffer circuits arranged 1n said
predetermined direction and said wiring layer connects
said potential supply pad to said integrated circuit, and

said contact 1s formed below the opposing portion of said
wiring layer.
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2. The semiconductor device according to claim 1,
wherein boundaries of the first region comprise a first line
and a second line, the two lines intersecting at a right angle,
and said contact penetrates to the semiconductor substrate
through a second-region defined by a third line, a fourth line
and an edge of said embedded msulation film, the third line
being an extension of the first line from a point of the
intersection of the first and second lines; the fourth line
being an extension of the second line from the point of the
intersection of the first and second lines.

3. A semiconductor device comprising:

a semiconductor substrate;

an embedded insulation film formed on one main surface
of said semiconductor substrate;

an mtegrated circuit fabricated on said embedded insula-
tion film;

an 1nterlayer insulation film formed ,on said embedded
insulation film so as to cover said integrated circuit;

an electrode pad formed on said interlayer insulation film;
and

a contact from the lower surface of said electrode pad,
said contact vertically extending directly beneath said
clectrode pad to said semiconductor substrate by pen-
ctrating through a portion of said embedded 1nsulation

film outside a region where said integrated circuit 1s

fabricated, said contact establishing electrical connec-
tion between said semiconductor substrate and said
clectrode pad.

4. The semiconductor device according to claim 3,
wherein said electrode pad adjoins a bonding wire for
providing steady potential.

5. A semiconductor device comprising:

a semiconductor substrate;

an embedded 1nsulation film formed on one main surface
of said semiconductor substrate;

a MOS transistor fabricated on the surface of said embed-
ded 1nsulation film;

an 1nterlayer insulation film formed so as to cover said
MOS transistor;

a wiring layer which 1s formed within said interlayer
insulation film and supplies steady potential; and

a contact having a portion which adjoins a region serving
as one terminal of said MOS transistor at a side surface,
said contact extending from said wiring layer to said
semiconductor substrate by penetrating through said
embedded 1nsulation film, wherein said contact has a
first plane adjoining said wiring layer, a second plane
being opposite to the first plane and adjoining said
semiconductor substrate, and a third plane which faces
the first plane and adjoins a region serving as the one
terminal of said MOS ftransistor.

6. The semiconductor device according to claim 35,
wherein the region serving as one terminal of said MOS
transistor 1s a source region formed on said embedded
insulation film.

7. The semiconductor device according to claim 35,
wherein the region serving as one terminal of said MOS
fransistor 1s a contact region which 1s formed on said
embedded 1nsulation film and adjoins a body region sand-
wiched between the source region and the drain region of
said MOS transistor.

8. The semiconductor device according to claim 35,
wherein the region serving as one terminal of said MOS
transistor 1s a gate electrode of said MOS transistor.
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9. A semiconductor device comprising;:
a semiconductor substrate;

an embedded msulation film formed on one main surface
of said semiconductor substrate;

a MOS transistor fabricated on the surface of said embed-
ded 1nsulation film;

an interlayer insulation film formed so as to cover said
MOS transistor;

a wiring layer which 1s formed within said interlayer
insulation film and supplies steady potential; and

a contact having a portion which adjoins a region serving
as one terminal of said MOS transistor at a side surface,
said contact extending from said wiring layer to said
semiconductor substrate by penetrating through said
embedded insulation film, wherein the region serving
as one terminal of said MOS ftransistor 1s a contact
region which 1s formed on said embedded insulation
f1lm and adjoins a body region sandwiched between the
source region and the drain region of said MOS
transistor, said contact region being a semiconductor
region having a same conductive type as that of said
body region.

10. The semiconductor device according to claim 9,
wherein said contact includes a portion which 1s surrounded
by and adjoins the contact region.

11. A semiconductor device comprising:

a semiconductor substrate;

an embedded 1mmsulation film formed on one main surface
of said semiconductor substrate;
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a MOS transistor fabricated on the surface of said embed-
ded 1nsulation film;

an 1nterlayer insulation film formed so as to cover said
MOS transistor;

a wiring layer which 1s formed within said interlayer
insulation film and supplies steady potential; and

a contact having a portion which adjoins a region serving
as one terminal of said MOS transistor at a side surface,
said contact extending from said wiring layer to said
semiconductor substrate by penetrating through said
embedded insulation film, wherein the region serving
as one terminal of said MOS ftransistor 1s a gate
clectrode of saad MOS transistor.

12. The semiconductor device according to claim 11,
wherein said contact includes a portion which 1s surrounded
by an insulation layer in the circumferential surface, said
insulation layer being formed between said embedded 1nsu-
lation film and said interlayer insulation film.

13. The semiconductor device according to claim 11,
wherein said contact includes a portion which 1s surrounded
by an insulation layer in the circumferential surface, said
insulation layer being formed between said embedded 1nsu-
lation film and said interlayer insulation film.

14. The semiconductor device according to claim 11,

wherein said contact includes a portion which 1s surrounded
by and adjoins the gate region of said MOS ftransistor.
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